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PROBLEM TO BE SOLVED: To improve frequency 
utilization efficiency by composing an MIMO channel by 
a plurality of transmission/reception antennas for an 
OFDM signal transmission apparatus that is used in 
wideband mobile communication or the like. 
SOLUTION: A transmission subcarrier pilot matrix 
generator, and transmission pilot signal configuration 
equipment are arranged as a pilot signal generator in the 
OFDM signal transmission apparatus. The transmission 
subcarrier pilot matrix generator generates a matrix 
other than a single matrix where a determinant does not 
become zero and a matrix of the complex multiples of 
the single matrix with a transmission pilot signal Pimn at 
the m-th symbol that is transmitted by the n-th antenna 
in the i-th subcarrier as constituents in the m column n 
row. The transmission pilot signal configuration 
equipment inputs a constituent at m column n row into a 
multiplexing circuit from all Pi as transmission pilot signal 
constituents (pimn, p2mn,..., pImn) at the m-th symbol in 
the n-th antenna. 
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PR = 



Pfl^^ 
P^2N 



[0 0 5 9] y TT^MmtT^'JM»^4- 1 6 

-1-4-1 6- \ x\x^ suiEsm-y->^=^-^y T/Wn 

t-^S^t-y-:^>-y yT^^WD5/ NtT^iJPR i $rSg;^3A 
P' • S* =PR* 

[0 0 6 0] ^y^^^ y rT##mff^iJiS»^(i. #-y- 

y<4^yV{n^(Om=^m^m%'^^:Lh\:L^^. ^-^y" 

-r^Bmm^mRx^^nms^ ^7^i^^zt^-x^ 

5o 



S' = (P') • PR' 

[0 0 6 1] >k^sbhntz&mm^<i:>n^\is ' ^^h. i^m 

Ri = (i , i 2 • • • J N ) 

{zMi^X. 

[0 0 6 2] ^#=3E^^>-tr^4 - 1 7 T*fi. #-y-:/=^^ 

y r»{ceilHiac<oiS&tT^j (s» ) -'^•y-:j^:3f.^y 

S^4i«tT^Um^gg4 -16-1-4-16-1 i)-hm^ 

mi^§§4- 1 7-1—4-1 7 -NKx^mm^im 

[0 0 6 3] t9^NVn >y h^t^Sr^TcDT V 

y''r^>h m—mM fci^ ft ^ >5 :i ^ "^t^ <t 7i S <^ . 

[0 0 6 4] m^m 2 (Dmm{cMJt^i-^mm(^wm<Dm 

I ffit7)iii{t-y-:7>^ y ry<4 u y hn^m^ma. 
3^{ti^:7^>•Y y r^^-r u :y hfT^ij pi (D^xcD^m^^M 

[0 0 6 5] m^ms (D^m^^iMJt^-r^mmcDwmcom 

OFDMm-^i^m^K5 <^OFDM{t-^Sm^fi6 

2. 

[0 0 6 6] Nfli{7)T^^— ^^^|g5 - 3 - 1 — 5 - 3 - 
N. N<@<7)#M{b[HlSg5-4-l — 5-4 — NflSCO 
iSi*iS?:7-y:3i^m§§5-5- 1-5-5-N. v-^^^J^' 

5-7-1-5-7- N. mmmm^mB^s - s . n 

^Bcoa^ftr Vt"-:^ 5-9-1—5-9 -N/)>hmf^ ^ tl 

[0 0 6 7] fj:^. ^Ti^T-f'xmm^ti^'f-i^m^' 



50 



Ti . T2 . • • 

i5b\Zi$^^m^j:zfVT>^y/U7!)^'f'M^M^tiX\^^^h<Dt^ 
^^■^e-i 0-1 — 6-1 o-N. Nfliogmffli^iS 

m^m^ 6-1 1-1-6-1 1-N. ^{gffi^gP^ft 
^6-12. NfiOi^3g:7-yrc^^^6- 1 3- 1 — 
6-1 3 -N. ^l^^m^^^^e-l A. 
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[0 0 6 8] f^i^3i:7-y 3i^j^§g6 - 13-1-6- 

[0 0 6 9] nw^titi'*^-:f^^vTB:mm^n^i<Dm 
^m»^e-i 6-i~6-i6-i<b. m-^y^-YV 

|§6-18-l--6-l 

10 0 7 01 mm-^y^^ y r^^v u hnmm^m. 

^^ = (1 1 -1 -1 I 
1 1 -I -I 1 
1-1-111- 
-111-1 -1 
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[0 0 7 11 ^j<h LT-y-l/^^-^^y T^5 2. FFTv-K-Y 

JO {ZTjk-r. i^y^^vrmm^A f t mm^^mi-^ 

^—:^y<> h'iC:^{'f^D'Zf^^ V r^igScii- 2 6 A f 
-26Af<i:-r5o fcyb*LDC^53^<^>fe^1^^^-y y T 

T-*>5-2 6Af. -25Af • • - -Af. DC^ 
^ f ^ • • 2 6 A f ^l/^5 3£r>*(C*HJ:LTl/^ 
5. */c. ^T<7)-y->^^r^ yr 0^*l^lT-iE«iLbT 

[0 0 7 21 

* 

I -1 1 -1 I 1 1 1 
111-111110 
-11-11 -1 -1 -1 -1 
1-11-11111) 



[0 0 7 3] miBy<-C D y {.ft^^gi^^J^^ 5~2X 
Bex. :^fc^i-BexC7)V^-f tl.;i^^4-X.5o ^ h 

V7i</wi?$-^tT?iJ(i^ToM^j^i^ rij t>u<ii r-ij 

(om^ "»7" tc^fo 
[0 0 7 41 
[^71 



1 
1 



-I 
1 

-1 
1 



-1 
1 

1 

-1 



-1^ 
-1 

1 

1 



[0 0 7 5] B I <7)ntTm^lJC0^5>c7)??-^f^, n:^^(D 

IJ T-fetl.ti-Bex^#Sft:lHlK5-4- l'--5-4- 
h v^^^tK/i^co 1 ^/:x7Ky^@coB§^J^::ioV^-C^:i^T^'JB I c7) 



4- 4i,za't^XBex7b^At}^n^o 

[0 0 7 6] 2 v-^/7^^V^gCO^^J{r:}oV^T. ^MitlB]^ 
30 5-4- 1, 5-4-3tC{:i-Bex/&SA;^$tl.. ^-fi^b 
IP1SS5-4-2, 5'-4-4{a^Bexi)iAti^tl^o 3 

v^^/7K/u@ <7)^^J{;l:}oV^r^^. #fi{t:[Hisg 5 - 4 - i . 

5- 4 -4{C{i-Bex^5A:^$n. ^S^blHlSS 5 - 4 - 
2, 5-4- 3{CI:iBex;65A;^^ix^o 4 i/VT^/U-S 
^^J{C^5V^T^t. #fift:lHlK5-4- 1 . 5-4-2(C 
{^-Bex;?)^A;'^$tl. ^fiftlHlK 5 - 4 - 3 . 5-4- 
4l,a±Bext^^Ati^th^o 

[0 0 7 7] &.±<DX 0 tC/NV C2 hft#^«^-r6 

fo'5i^:/:^^yr^c^-r^i^:/^'r yriiift^'^vn 

40 y hft^fr^iJftii^tT^USrtoB I U< ft-B 1 (7)v^-f 
/c. #rV'7'^;5iSiimi-^>'>V D 5/ HVi^JJ^/W^. Bex 

[0 0 7 8] ^/c, ff*«itc4ott5-y-:/=¥-\' y reii 

^^y'^-r y T^^-r D vm^nmt^ i otc;^ «9 . 
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[0 0 7 91 If*3g4(c^js;-r63li£(^fl?fficofirtj(cov> 

SI7-1-1. 7-1-6. ®»s7-2. m^i^^sg 

7-3-1--7-3-5, 7-4-1 — 7- 

4 - 8 . n-^^^ 7-5-1. 7-5-2. i^tr^ij;^ * /(? 
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c^y 7-6;0^ib^^^n5o 

[0 0 8 0] y r i ic:joJt^sm^<-r ^ >y 
-tVT&mm^mnm (s^ ) -'^*i?)^o s' 

5/ci6tC{i "^8" (0?SSLSrfT9o 
[0 0 8 1 1 
[^8] 



^f(p'.,)' -r' .iH (p' (pS,)' •r^2^ (p'J' • r' 



(p'.l)' (p'iz)' 
(pS.)' (P'aj' 



[ 0 0 8 2 ] -r^c^:^-^. S' ^*i^5fcie>tC(18a?^0 
-4-8fC:^oV^rt^■ff^n§o */c. ifjft^g 1 -If 

8-1-1—8-1-4. mMW^ 8 - 2 - 1 — 
S-2-2/)^tbmf&^th^o mK.it. (P* ii) ' • r 
• ii(Ori^t+^-r^/cii6{^J'i. (p' n) ' = a + j 
b. r' n = cH-jd (y-cfcb j f^j^^^^i) tir^ 
t. 

(p* ii) ' - r' 11= (a + jb) • (c + jd) = 
(a c - b d) + j (a d + b c) 

[0 0 8 3] 5l^<o^»Sr4lHlfT9i^>^;65fc^o L.;5-L 

' ii) ' • r - nO^S^fi-^i-^- (r'li 

(p* n) ' -r' 11= (a + jb) • (h) = ah + 
j b h 

tc. h^2(Dkmii:immT^:it{cx^. athcomw 
7 {z^^i~o mmmn^ 9 a. n^-m^ 9-1-1-9 

-1-2. v-p^ h uv?;??.^ 9 - 2 - 1 — 9 - 2 - 2;5>e) 



[ 0 0 8 5 1 A;^ 1 f^l^m^^-r n :y h«^03l^^3>io 
[00 8 6] n^^^^(Omf)\tt^y h U v^:^ ^ 

40 [0 0 8 7] m^m4(D^m(omm(Dmm(Dm(D'^y^ 
mf&^m7{Z7jkir, m^mscommic^n^^m-^y^ 

[0 0 8 8] ff*:^5^5iMi:fS5}tJg7(O^P.^{d>?fJSi- 

50 ^mmcowm<Dm^msk:i7r:-ro ^^ijtciottsoFDM 
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1 0 <!: O F DM^t-^Smygg 1 1 ;6-p3«^S;$tL5c 

[008 9] OF DMm^mmmm i o m^m\t^< 
iSLT-^x^iiim^^'^n^/ 0-2. 

NfflOT^— ^iSm^l 0-3-1 --1 0-3 -N. N<@ 
O^^-SftlHlSgl 0-4- l--! 0-4-N. NOi^i^iS 
ij?:7— y 1 0 - 5 - 1 ~ 1 0 - 5 -N, 

Si 0-7-1-1 0-7- mmmmu^^B^i o 

-8. NfflcT^^ftrv-T^-^l 0-9- l-'l 0-9-N 
[0 0 9 01 fj:^. ^Tl^y-^xmit^ru^by'-^m^- 

Ti , T2 . • • • . tn \z.\^^ ^mm\xmm^t^fz. 

mz.^z>^m^s:y^')T>y/i^t^^^^i^m^Kx\^^^h(Dtn 

;t^o — OFDMft-^Sfta^gl 1 {i. NfgcDSm 
Tl^T")- 1 l-lO-l'-l 1-10-N. N<@(7)Sft 
ffl^JSm^mSl 1-11-1-11-1 1-N. Sft 

1-1 3-1-1 1-1 3- ^-r ^ >'^m^^its§ 

1 1-14. 

[0 0 9 1] ^^^^-^=^^^1 1-13-1-1 

1-1 z-i^t^h\h:h^n^nm(DTi^'7-'rt^N^Giy 

fbi-^^m-^^v D :y vm^W'm\:M^ 11-15-1- 

1 1-1 5 -N. mm^m^<^ cz y hiy>-7}f/u^i$j>fi:iPi 

mmrr^^m^y'^^ y r^^v n 5/ vnnm^^ 1 1 - 

1 6. 

[009 2] Buls^^t1^:/=3r-r y T^^v ^ y hmmm. 

[009 3] f^»^tht:i^mmm(r>mnm^%^n\.^y' 
y Temmi¥^T?^J<^ Lxistii-^ I m<D^y^^ 
y reiiK^i25fT?yia»s 11-15-1-11-15 

1-1 7-1 — 1 1-1 7 -Nt. =^i^^^ V-fe ^ 1 1 
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20 

- 1 8 ^;5>^«^^n5o 
[0 0 9 4] OF DMi^maSSl-i^tt^iUm^^'^ a h 

W7j?yUSrGlElTog|«9igi"o N=4. G=2<0:^-&4r 
0?l^ffi(^fl^J(C:JoJtS. B I O^T<7)^5^SrtTirr^(CG[El 

= 4. G= 2<7):^^tC^o{t'5B I (B I (N.G)=:(4. 2) t 

net). "18:9" {v:;^-r«^^>i:^o 

[0 0 9 5] 
[%9] 

A 1 -1 -1 -1 -1 _i -A 



U ^ 1 1-1-11 1 j 

2(? [ 0 0 9 6 ] O F DM^m^^-*3^/^-r {m^-T?fc5i^{t 

Ti^/U^i^it^B}^ 11-15-1 — 11-1 5 -NfC*5V^ 

oSft^tLfc^^^-r n :y hm-^C0iSi*:7-y :x:-^J^Sl 1 
-13-1 — 11-1 3-N(Dmti{CM\^X. 
[0 0 9 7] «-S:{t^>V u 5/ h i/>'7}^V^^J^fblHlSS 1 1 
-15-1 — 11-1 5-NXn. 1 v/^^^/L-gT^^ibG 

50 ^Vu^i^LT. G+ 1 i/>';}^/V-g;0^bGX 2 v'>'7K/l' 

T- • • <hvN9iSft^N(Hj^«9igL. ^r>-v"-:^-eNx 

[00 9 8] fa:mmmmn^^f^(Dfiiimnm^m i tc^ 
jt>'t^mm(Difm<Dm\cmm^tixi^^h<D tm-xh 

40 n"? :itr>-^mtfj:^o 

[0 0 9 9] 

fS*3g6 t^^P^tc e*Ba^«l^<^)fci60^<-f o 

it^N{^ftct-^r <b;^i^^tg^/,^»9, xr)iEm^j:^mmm 

50 [0 10 0] t^**rST% ^^eq,!:!^— (^)v^>';^</U'S 
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[0 10 1] m^^2(D^mi^^xtii^. ^mm^^mm 
[0 1 o 2] M*JS3(7>^0jtcj:tt«. mm-^y'^^v 
[0 1 0 31 it*^4(r)^pj{cj:tt(i. ^^-ro>;/hm# 

?IJ(C J: t9 . OF DM«-^§{ti^m^IiJ{C*DMt5ff^iJSIW{C 

[0 10 4] ff*3S5fe^v^^^iS*^I7(D^^^^cJ:i^ 
TOi^{t^°^ n h{t^^GlHl^«9iMLTl^^b. OF 

[0 10 5] 

m 1 1 if 1 \^n^^^^mMmm(om^yr^'^mx 

[0 10 6] 

[H 2 ] n 5. Y\%^^^tsm%0 F DMm^^rlftP.^ 

[0107] 40 

[ma] ^'NVni/ h{t-^co{t^^Pp1^Ifte>^-r5lllT-*> 

So 

[0 10 8] 
[0 10 9] 

[las] ff*iil-4{c^ij:-r-5^*£(^)ff^«(c*5ft'5e 
[0 1 10] 

[fil 6 ] ft3R« 1 - 3 tc:^iCi~6lliSofgS(0^ijcoS3t 5^? 
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[0 111] 

[0 7] S*^4tc:*HSi-6llffi(7>?f^ffi<3DeaBIIS:iS?fT 

[0 112] 

[HIS] mi^^^\z.n^^'^^%^mm(om^7^'fmx 

[0 113] 

[HIS] ^*«5(cm-r5^ai(o?f^fii^^«?ijfisjjc*3tts 

[0 114] 

[mo] tS^l^cOM I MO^^^vHCioV^TOFDMft 
[0115] 

[011] ^^*o3IIS:^t^^{::^3V^-cfflv^^tLTv^5^^° 

So 

[0116] 

[??-^OtJi0.^] 

1. 3. 5. 10 OFDMft^^mig^ 

2. 4. 6. 11 OFDM{t-§-gmSE 
3-1-1-3-1-1 m^^-f^^ V T^<-{ n 2/ 



3 - 


2 






3- 


3 - 


1 




3 - 


4 - 


1 


-3-4-N ^mtm^ 


3 - 


5- 


1 


- 3 - 5 - N Mmm-y-v ^m.^^ 


3 - 


6 






3- 


7 - 


1 


- 3 - 7 - N mmmmi^wmm^ 


3- 


8 






3- 


9 - 


1 




4- 


1 0 




1-4-1 O-N ^mriy^-^ 


4- 


1 1 




1 - 4 - 1 1 - N ^mmm^wM^ 


4 - 


1 2 






4- 


1 3 




1-4-1 3-N mmy-'j=^m.^^ 


4- 


1 4 






4 - 


1 5 






4 - 


1 5 




1-4-15-1 -y-^^^^e^y reaiga^ 



4-17 ^#^^>-lr^ 

4- 1 8- 1— 4- 1 8-N 

5- 1 m^mmy<-( ^ >;/ h^t^^^^ 

5-2 mity<^ a :y 

5-3-1 — 5-3-N ^—^^^^ 
5-4-1 — 5-4-N ^M<t\B\^ 

5-5-1-5-5-N y ^^ms 

5-6 v-v-Tf^vuiJ^^ ^ 

5-7-1-5-7-N a^^Sffl^JKS^tfeSg 
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5 — 8 






9-i-i~9-i-2 m^m 






- 1 — 5 - 9 -N 






9-2-l~9-2-2 v'7hUi^:^:? 




0- I'-'e- 1 0 






10-1 S^^im^^V n y hft-§-^*5g 


6 — 1 


1 - 1 --6 - 1 1 


-N Sftffli^SE^^^ 




10-2 mm^<-< n y hft^??-^^«l|g 


6 — 1 


2 Simmm'^mm^ 




10-3-l~10-3-N "f- 




6 — 1 


3-1—6-1 3 


-N 




10-4-l~10-4-N #1 


i{biHi£g 




4 ^>^m^^^m 




1 0-5-l~l 0-5-N iSi 










10-6 i^VsK/l'^'-l' 5:^i5^^^5i 


6 — 1 


6-1—6-1 6 






10-7-1-10-7 -N i^tfflJ^jlS^^m^ 


1 J ?"Jw 


»^ 




in 


10-8 'T&mmmumm^ 






7 ^i^^^e^v-fe^ 




1 0-9-l~l 0-9-N alHtr^'T^^ 


6 — 1 


8-1—6-18 






1 1-10-1~1 1-1 0-N 




7 








11-11-1~11-11 -N 




f X 


- 1 . 7-1-6 










7 o 








11-12 Sffffl^gBl^ftl^ 




7 — 3 


-1—7-3-5 






1 1-13-1~1 1-13-N 




7 — 4 


-1—7-4-8 










7 — 


- 1 . 7-5-2 






11-14 ^-Ts; ^i/m-^^^l 




/ — O 








11-15-1~11-1 5-N 
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8-1 


-1—8-1-4 






11-16 Sft-!^^dr^ y Tz-^-f a .y h^f?lJ«^S 


8-2 


-1—8-2-2 






11-17-1~11-17-N 




9 








11-18 T^^-^rV-fe^ 
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